Aims. We investigate the dynamics of the nebula around the symbiotic star Hen 2-147, determine its expansion parallax, and compare it with the distance obtained via the Period-Luminosity relation for its Mira variable. Methods. A combination of multi-epoch HST images and VLT integral field high-resolution spectroscopy is used to study the nebular dynamics both along the line of sight and in the plane of the sky. These observations allow us to build a 3-D spatio-kinematical model of the nebula, which together with the measurement of its apparent expansion in the plane of the sky over a period of 3 years, provides the expansion parallax for the nebula. Additionally, SAAO near-infrared photometry obtained over 25 years is used to determine the Mira pulsation period and derive an independent distance estimation via the Period-Luminosity relationship for Mira variables. Results. The geometry of the nebula is found to be that of a knotty annulus of ionized gas inclined to the plane of sky and expanding with a velocity of ∼ 90 km s −1 . A straightforward application of the expansion parallax method provides a distance of 1.5±0.4 kpc, which is a factor of two lower than the distance of 3.0 ± 0.4 kpc obtained from the Period-Luminosity relationship for the Mira (which has a pulsation period of 373 days). The discrepancy is removed if, instead of expanding matter, we are observing the expansion of a shock front in the plane of the sky. This shock interpretation is further supported by the broadening of the nebular emission lines.
Introduction
The study of nebulae around symbiotic stars, and in particular those containing Mira variables, is key to understanding several aspects of their binary interactions, outburst properties and timescales. Such studies provide information about the geom-
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⋆ Based on observations with the NASA/ESA Hubble Space Telescope, obtained at the Space Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy, Inc. under NASA contract No. NAS5-26555; on observations obtained at the 8m VLT telescope of the European Southern Observatory in Chile; and on observations made at the South African Astronomical Observatory etry, dynamics, and history of mass loss from these systems over the last few thousand years. It is generally believed that in these binaries some percent of the Mira wind is accreted by the white dwarf companion (Kenyon & Webbink 1984) , resulting in stable nuclear H-burning at the surface of the white dwarf for some systems (e.g. Sokoloski 2002) , and sometimes causing thermonuclear outbursts (e.g. Kenyon 1986 , Livio et al. 1989 ) lasting for hundreds of years (e.g. Munari 1997 ). The ejecta and fast wind produced during and after such an outburst collide with the slowly expanding circum-binary gas resulting from the non-accreted Mira wind. This results in a complex circum-binary nebula whose ionization mechanism (radia-tion and/or shocks) is not well understood (Corradi & Schwarz 1997) .
Currently, about a dozen symbiotic nebulae have been optically resolved (Corradi 2003) . Some of them exhibit spectacular (mainly bipolar) morphologies, such as R Aqr (Solf & Ulrich 1985 , Paresce & Hack 1994 and references therein), Hen 2-104 and BI Cru (Schwarz et al. 1989 , Corradi & Schwarz 1993 , HM Sge, V1016 Cyg and Hen 2-147 (Solf 1983 (Solf , 1984 Munari and Patat 1993; Corradi et al. 1999) , as well as M2-9 (Smith et al. 2005) and Mz 3 (Guerrero et al. 2004 , SantanderGarcía et al. 2004 . The latter are sometimes classified as planetary nebulae, but possibly host a symbiotic nucleus (Schmeja & Kimeswenger 2001) .
In general, the distances to these systems are not well known. About 19 known and possible symbiotic stars have been measured by the Hipparcos astrometric mission, and for only four of them the formal error of their parallax is less than 50% (Munari 2003) . This uncertainty plagues the estimates of the total number of symbiotic stars in the Galaxy (Munari and Renzini 1992) , which scale with the adopted local density and partnership to galactic stellar populations . The uncertainty on distances also precludes the calculation of a number of physical properties, including the kinematical ages of the nebulae which in turn can provide the timescales of the mass-loss events which characterized their recent history (e.g. Corradi et al. 2001) . The advent of high spatial resolution instruments like the HST allows us to tackle the distance problem by attempting to measure the expansion parallax of the circumstellar resolved nebulae. This is done by measuring the growth of the nebula in the plane of the sky, via multi-epoch imaging, and then determining the distance once their 3-D geometry and kinematics are established using Doppler shift measurements. To date, such a method has not been used on any symbiotic nebula, although it has been applied to a number of relatively close planetary nebulae (NGC 6543, Reed et al. 1999; IC 2448, NGC 6578, NGC 6884, NGC 3242 and NGC 6891, Palen et al. 2000) . Note, however, some recent criticisms of the expansion parallax method (Mellema 2004 , Schönberner et al. 2005 .
Henize 2-147 (Hen 2-147, also named as PN G327.9-04.3 or V347 Nor) is a symbiotic Mira with a pulsation period of ∼375 days (Whitelock 1988) . Its extended nebula was discovered by Munari & Patat (1993) , and modeled as an expanding ring inclined on the plane of the sky by Corradi et al. (1999) . In this paper, we present a high-resolution spatio-kinematical study of the ring nebula of Hen 2-147. HST images taken in 2001 and 2004 reveal its expansion in the plane of the sky. Integral-field high-resolution spectroscopy at the VLT provides us with Doppler shifts for all of the nebular structures, and together with the HST data enables us to discuss the dynamics of the nebula and to compute an expansion parallax. This is compared with an independent distance determined from near-IR photometry at SAAO using the Mira period-luminosity relationship. This combination of information provides insights into the dynamical properties of the nebula, as well as testing the validity of the derived expansion parallax for this object. Preliminary results were presented by Santander-García et al. (2005) . (Corradi et al. 1999) . The entire nebula falls inside the PC CCD, which has a spatial scale of 0 ′′ .045 pixel −1 . The HST images (one dataset per epoch) were obtained using a 4-point dithering pattern in order to properly sample the HST point spread function (PSF). They were then reduced using the "multidrizzle package" (Koekemoer et al. 2002) , an automated dithered image combination and cleaning task in PyRAF (Python IRAF). This routine first creates a bad-pixel mask using calibration reference files, and performs the sky subtraction. Next, the software arranges the four WFPC2 CCDs into a mosaic, where geometric distortion effects are corrected, including time dependent distortions due to CCD rotations and flexure. Then it removes cosmic rays and creates, for each epoch, a combined and drizzled image with a sampling scale of 0 ′′ .045 pix −1 . Finally, the two epoch images are aligned with respect to the centre of expansion of the nebula around Hen 2-147. Charge transfer efficiency, which decreases with time, is the only effect which slightly degrades the generally good (∼0.25 pix) overall astrometric accuracy between images.
Observations and Data reduction

Imaging
Integral Field Spectroscopy
Integral Field Spectroscopy was obtained at Kueyen, Telescope Unit 2 of the 8m VLT at ESO's observatory on Paranal, on April 2, 2004. The entire nebula was covered by the ARGUS IFU at its highest spatial resolution (314 fibres each with a size of 0 ′′ .3 projected onto the sky, giving a total of 6 ′′ .6 by 4
′′ .2 field of view). Two 240 s and one 50 s exposures were taken with the H651.5 grating, covering the region between 630 and 670 nm, and then co-added. The resolving power was R=25000 corresponding to a velocity resolution of 12.3 km s ′′ .65. The VLT data were kindly reduced by Reinhard Hanuschik through the ESO pipeline, and then further analyzed using standard IRAF routines.
Near-infrared photometry
Hen 2-147 has been monitored at near-infrared wavelengths since 1981 from the South African Astronomical Observatory (SAAO) at Sutherland. The complete list of JHKL observations is presented in Table 2 . All but one were made on the 0.75m telescope with the MkII Infrared Photometer; the other one (marked with an asterisk in Table 2 ) was made with the MkIII Infrared Photometer on the 1.9m telescope. The pho-tometry is on the SAAO system, as defined by Carter (1990) , and is good to better than ±0.03 at JHK and better than ±0.05 at L. There are 119 observations made over 24 years, one of which was published by . The first five years worth of data were discussed by Whitelock (1987) .
Morphology and spectra
The 2001 image of Hen 2-147 is shown in Fig. 1 . The overall morphology consists of an ellipse of emitting gas detached from an unresolved central source, confirming the conclusion of Corradi et al. (1999) from ground based images. The high spatial resolution of HST enables us to see that the ellipse is fragmented into a number of clumpy and filamentary structures; these will be referred to as "knots" hereafter. The overall size of the ellipse is 5
′′ .6 by 3 ′′ .6 measured at 10% of the peak intensity of the nebular emission.
The surface brightness is not uniform, as the western and southern knots are significantly brighter than the eastern ones. Note also that the nucleus is slightly offset from the centre of the ellipse towards the western knots (see Fig. 6 ).
The good seeing and spatial sampling of the VLT spectra, presented in Fig. 2 
Dynamical analysis
A spatio-kinematical model accounting for the observed morphology, motions in the plane of the sky, and Doppler shifts of the emission lines, is presented below.
On the plane of the sky
A simple blinking of the images obtained in 2004 (Fig. 3 , a gif animation available in the electronic version of the paper) reveals the expansion of the nebula. Fig. 4 shows the residual map resulting from the subtraction of the 2001 image from the 2004 one, after first aligning the two images with respect to the expansion centre of the nebula as defined below. At each radial direction from the centre, positive residuals (white in the figure) are located outwards while negative residuals (black) are located inwards. This indicates that the nebula has expanded significantly between the two epochs.
In order to quantify the amount of this expansion it is important to define the expansion centre, as the unresolved core seems not to be located at the centre of the elliptical nebula. In the hypothesis of purely radial expansion, the expansion centre can in principle be determined as the intersection of all the vectors describing the expansion of each knot. However, an attempt to determine the knots' expansion vectors by measuring the displacement of their flux-weighted barycentre, or by crosscorrelating their positions between the two epochs, yields uncertain results. Probably because the knots are diffuse, not well separated from each other, and they apparently change slightly in shape between the two epochs.
Therefore, the amount of expansion along a number of radial directions was determined by 1-D cross-correlation of the surface brightness radial profiles between the two epochs. In order to do this, we have considered three different possible expansion centres: i) the centre of the ellipse fitted to the nebula by eye, ii) the central unresolved emission-line core, and iii) the centre of the ellipse fitted to the nebula by an emissionweighted least-squares method. For each of these potential centres, radial surface brightness profiles were extracted at 60 different position angles (with 6
• increment steps) in the 2001 and 2004 images, and cross-correlated to compute the proper motion for each direction.
As illustrated in Fig. 5 , the centre of a radially expanding ellipse can be defined as the point which minimizes the sum of the radial expansions of a number of individual features uniformly distributed along the ellipse. In the case of Hen 2-147, the sum is minimum (by a significant 4%) for the centre of the least-squares-fitted ellipse, which in the following is therefore assumed to be the centre of expansion of the nebula. This is located 0
′′ .2 ± 0 ′′ .05 from the central star toward P.A.=111
• , as indicated in Fig. 6 . The orientation of the long axis of this ellipse is P.A. 11
• .5 ±0 • .5, and its size is 5 ′′ .2 by 2 ′′ .0 (± 0 ′′ .1). Assuming that the intrinsic morphology is that of a circular ring, its polar axis would be inclined 68
• .6 ± 0 • .5 to the line of sight.
Once the expansion centre was determined, the growth of the nebula was derived using the so-called "magnification method" (see Reed et al. 1999 ). This consists of finding the magnification factor, M, to be applied to the 2001 image, which minimizes the rms of the map obtained by subtracting the magnified image from the 2004 image. Provided that there are no changes in the brightness of each feature and that the motion is radial, a given feature will therefore disappear in the subtracted image.
The complex structure of the nebula and the evolution of the shape and brightness of knots prevents the analysis of each individual feature. For this reason, we have considered the regions of the nebula along the four cardinal directions as a whole (see Fig. 7 ). Magnification factors M spanning the interval from 1.000 to 1.050 were applied. The M factors giving the minimum rms in the subtracted image are 1.013, 1.015, 1.017 and 1.029, for the north, south, east and west region, respectively; with an uncertainty of ±0.002 in each case. An illustrative sample of residual images for different M factors is shown in Fig. 8 .
Thus, the growth of the nebula is uniform with an average value of M = 1.015±0.002 except in the western direction, corresponding to the brightest knots, where it has grown by about twice this amount. Note also that for any M the residuals in the southern region are negative, due to a decrease of ∼10% in the surface brightness of the knots from 2001 to 2004. The rest of the nebula shows no significant changes in surface brightness between the two epochs. 
Along the line of sight
The HST image was matched to the IFU array of the VLT+FLAMES, and the spectra corresponding to 34 knots and the core of Hen 2-147 were extracted (Fig. 9) . Depending on the position and size of each knot either the spectrum from a single fibre (0 ′′ .3) was taken or the spectra of up to 4 fibres were summed to give sufficient signal to noise.
Both the Hα and [N]658.3 line profiles of the core and some illustrative knots are presented in Fig. 10 .
In the knots close to the centre as well as in the faintest ones (owing to the small size of the nebula) the contamination from the core emission is non negligible. This contamination was removed by scaling the core spectrum and subtracting it from the spectra of the knots, so as to cancel the Hα component from the core, which is always clearly distinguishable given its specific redshift, line width, and the fact that Hα is much . Given an ellipse which expands radially from epoch 1 to epoch 2, the point which corresponds to the minimum sum of 1-D radial expansions along several uniformly distributed directions (see the sums for C 0 , C 1 and C 2 in the right side) is the centre of the ellipse, C 0 (i.e. the point which sees the minimum total radial expansion). ′′ .2 at P.A.=111
• from the nucleus. . The residuals for the north, south and east regions are minimized with magnification factors of 1.013, 1.015 and 1.017 respectively, while the western region has grown much faster, by a factor 1.029. Because the nucleus is offset from the centre of expansion of the nebula (see text) the white point marking the centre of the ellipse is displaced from the central stellar image.
stronger than [N] in the core (while the opposite is true for the nebula). An example of the removal of the core emission is also illustrated in Fig. 10 .
Doppler shifts were derived for the barycentre of each line profile in every knot, as well as for the core. The LSR radial velocity of the central source is v LS R = −47 ± 3 km s −1 . In the nebula, the hydrogen and nitrogen ions are found to expand at the same pace within the observational uncertainties. The radial velocity pattern as a function of the position angle is presented in Fig. 11 . This is modelled assuming an expanding circular ring of gas inclined at 68 ±2
• to the line of sight, corresponding to the fit of the ellipse in the image (see section 4.1). The bestfitting de-projected expansion velocity of the ring is 90 km s −1 , with centre at V LS R = −41 km s −1 (and thus slightly offset from the systemic velocity of the nebular core). The residuals of the fitting are shown in the middle panel of Fig. 11 . The points between P.A.=220
• and 330
• were excluded from the fitting, given their peculiar velocity pattern in the plane of the sky and considering that if they are included the quality of the fit decreases. Note that their excess radial velocity corresponds to an excess in their velocities in the plane of the sky; we will come back to this point in Sect. 5.2.
A remarkable property of the line profiles of the knots is their large width, which is discussed in detail in next section. Furthermore, the [N] to Hα flux ratio is always very large, especially in the western region (Fig. 12) . Finally, most of the [N] profiles are slightly asymmetrical, presenting redward (more common) or blueward wings.
Profile broadening
Both the [N] and the Hα lines in all knots have a full width at zero intensity (FWZI) between 150 and 200 km s −1 (with a mean value of ∼ 160 km s −1 , see Fig. 11 , bottom panel). Which is much larger than the instrumental or thermal broadening, as previously noted by Corradi et al. (1999) . In this section we discuss several hypotheses that might account for this property.
The combination of the observed morphology and velocity field demonstrates that the nebula of Hen 2-147 is a "2-D" ring inclined on the plane of the sky. This excludes the possibility that the wide range of velocities forming the line profiles at each knot position come from regions of the nebula projected along the same line of sight, each with relatively small intrinsic velocity dispersion, but projecting at different angles (as, e.g., in the case of a projected ellipsoid). We can also exclude the possibility that the broadening is related to intrinsic gas emission mixed with dust scattering, which would result in additional components to the Doppler shifts. Therefore the velocity dispersion is very likely to be intrinsic to each knot. One possibility is that during the neb- Given the explosive nature of symbiotic novae like Hen 2-147, and the high velocities observed, another natural explanation for the large line widths would be the presence of shocks. They might originate as the result of interactions between the slow Mira wind and the fast ejecta produced in the outburst. The large [N] to Hα ratio throughout the nebula (Fig. 12) supports this possibility. According to Hartigan et al. (1987) , the velocity of a radiating bow shock is independent of its density, shape, ionisation state, abundances and temperature, and equal to the full width at zero intensity of the line profile. Although the knot geometry in the case of Hen 2-147 is far more complex Table 1 . Mean magnitudes and pulsation amplitudes for Hen 2-147.
and varied than that of the model analysed by Hartigan et al. (1987) , the predicted effects are qualitatively similar: the line profiles widen and present asymmetric shapes throughout the nebula. Several nebulae in the literature present similar broad and irregular [N] and [S] profiles which can be explained by shock excitation, as in the case of P Cygni (Barlow et al. 1994 ).
The distance
Period-Luminosity relationship for the Mira of Hen 2-147
The JHKL light-curves of Hen 2-147 spanning the last 25 years are presented in Fig. 13 . The mean light levels vary by a few tenths of a magnitude, as they typically do among non-symbiotic O-rich Miras (e.g. Whitelock et al. 2000) . Note, however, that these light-curves show no evidence of obscuration events of the type very commonly observed in light-curves of symbiotic Miras (e.g. Whitelock 1987) . A Fourier analysis of these data indicates a pulsation period of 373 days with maximum light at J occurring on JD 2450476; Fig. 14 shows the J light-curve phased at that period. The Fourier mean magnitudes and peak-to-peak amplitudes are given in Table 1 . These amplitudes are within the range shown by non-symbiotic Miras with similar pulsation periods (Whitelock et al. 2000) . If we assume that the Mira in Hen 2-147 has similar characteristics to its solitary counterparts then it is possible to derive a distance from the Mira period-luminosity (PL) relation (Feast et al. 1989 ), after correcting for extinction. Whitelock et al. (2000) give period-colour relations for unreddened oxygen- rich Miras which can be used to estimate the intrinsic colours of the Hen 2-147 Mira. Then the extinction A V can be estimated from each colour, assuming the interstellar reddening law (Glass 2000 ) is applicable to both circumstellar and interstellar reddening.
The following values of A V are derived for the colours mentioned: A V = 4.22 (J − H), 3.97 (H − K), 4.89 (K − L) and 4.07 (J−K). The value from (K−L) is larger than the others and we might reasonably assume that, in common with other symbiotic Miras, there is a slight excess at L. We therefore assume that the combined interstellar and circumstellar extinction is A V = 4.1 mag. The interstellar extinction can be estimated following the procedure outlined by Drimmel et al. (2003) to give A V = 1.4 mag (including their rescaling procedure) or A V = 1.8 mag (without rescaling). This indicates that a significant fraction of the observed extinction is circumstellar. Therefore our assumption that the circumstellar material obeys the same reddening law as the interstellar material could be important.
Correcting the observed mean K from Table 5 .1 for reddening we have K 0 = 4.71 − 0.37 = 4.34. Using the PL from Feast et al. (1989) , with a distance modulus for the LMC of (m − M) 0 = 18.5 mag, we find M K = −7.94 for a 373 day variable. The distance is therefore 2.9 ± 0.4 kpc, where the error is statistical. It is difficult to quantify systematic errors due to possible differences in symbiotic and non-symbiotic Miras or between circumstellar and interstellar extinction, but these will increase the uncertainty.
The strength of the K resonant doublet at 7665, 7699 Å, offers an independent, direct measure of the amount of material along the line of sight toward Hen 2-147. We use the calibration by Munari & Zwitter (1997) relating the reddening to the equivalent width of 7699 Å line (the 7665 Å being usually affected by telluric absorption lines). We have measured KI lines on a deep FEROS spectrum we obtained with the 2.2m telescope at ESO (La Silla) on February 2003. The interstellar lines show two components. The bluer one is located at heliocentric velocity −37(±1) km/sec, and has an equivalent width of 0.178 Å corresponding to a reddening E B−V =0.69. The redder component is located at heliocentric velocity −21(±2) km/sec, and has an equivalent width of 0.065 Å corresponding to a reddening E B−V =0.23. The total reddening affecting Hen 2-147 is therefore E B−V =0.92 or A V = 2.85 mag. With this determination of the total extinction between us and the Mira the distance refines to 3.0±0.4 kpc.
Expansion parallax
The expansion parallax of the nebula of Hen 2-147 can be determined in a straightforward way from the present data assuming 1) the circular ring model of Section 4.2, 2) that the knots of Hen 2-147 expanded radially and suffered no significant acceleration in the period between 2001 and 2004, and 3) that we are observing matter motions (and not a shock expansion) in the plane of the sky. Under these circumstances, a given knot k at an angular distance α in the plane of the sky in the 2001 image will have moved to α + ∆α in the 2004 one. The magnification factor M can be defined as M = α+∆α α , so that the angular expansion in the plane of the sky is ∆α = α(M − 1). Let θ be the angle of a given point of the ring, in the plane of the sky, measured from the minor axis of the ellipse (i.e. latitude of the ellipse in the plane of the sky). Considering the expanding inclined ring model, a given knot at an angle θ (measured from the minor axis of the ellipse, in the plane of the sky) which moves at a spatial velocity V will therefore show an expansion ∆d in the plane of the sky, during an interval of time ∆t, given by
Thus, the distance D from the observer to Hen 2-147 is simply
We then compute the distance for each of the four regions analysed in section 4.1, finding values of 1.84±0.34, 1.60±0.27, and 1.84±0.46 kpc for the north, south, and east regions respectively. As discussed in Sections 4.1 and 4.2, the western side of the nebula presents excess velocities both in the plane of the sky and along the line of sight. Adding these excess velocities to the spatio-kinematical model adopted, a distance, 1.21±0.53 kpc, similar to that found for the other regions is determined. This result supports the idea that the adopted geometry (and inclination) applies also to the western portion of the nebula, and that gas in different regions has not suffered significant or differential acceleration between 2001 and 2004. Averaging the determinations above, we obtain D =1.5± 0.4 kpc for the expansion parallax of Hen 2-147, a result which does not change if any of the other possible centres of the nebula is adopted (Sect. 4.1).
The effects of shocks on the expansion parallax
The Mira PL relation and the expansion parallax provide apparently inconsistent results. One way to reconcile them is to consider that shocks play a major role in the application of the expansion parallax method. In the case of a strong shock, the apparent expansion in the plane of the sky that we observe in the images would not represent the expansion of matter, but rather the (faster) expansion of the shock front through the material. On the other hand, along the line of sight (spectra) we would be measuring the Doppler shift of the gas motion. If shocks are important, the expansion parallax method would underestimate the distance (Mellema, 2004 , Schönberner 2005 .
According to the bow shock models of Hartigan et al. (1987) , the shock velocity V s is given by the FWZI of the nebular emission lines. In the case of Hen 2-147, that implies V s =160 km s −1 (see Fig. 11 , bottom panel). Under this hypothesis, in equation (1) the gas expansion velocity should be replaced by the shock velocity, and as a consequence the distance to Hen 2-147 derived from the expansion would increase to D =2.7±0.5 kpc.
Discussion and conclusions
Previous studies of Hen 2-147 showed that this symbiotic system contains an oxygen-rich Mira and an extended ionized nebula, which appeared to be an inclined expanding ring of gas ejected from the system a few hundred years ago (Corradi et al. 1999) . In this work, we have gathered high quality multiwavelength observations which allow us to investigate in more detail the structure and dynamics of the nebula. As often happens in science, this closer look reveals several puzzling properties which have to be explained as part of our endeavour to understand the nature of the object and to determine its basic properties, including its distance via the expansion parallax of the nebula.
The near-IR photometry has allowed us to study the light curve of the Mira within Hen 2-147. Its pulsation period is 373 days and it lacks the obscuration events typical of many other D-type symbiotic stars. The [N] HST images, of unprecedented spatial resolution, show the nebula surrounding Hen 2-147 as an ellipsoid which is fragmented into numerous diffuse knots and filaments of different surface brightness. The multi-epoch imaging clearly resolve the expansion of the nebula in the plane of the sky. Doppler-shift measurements from VLT integral-field spectroscopy, in combination with the HST images, demonstrate that the intrinsic geometry of the nebula is indeed that of a circular, knotty ring of ionized gas with a 5 ′′ .2±0. ′′ 2 diameter, inclined 68±2
• to the line of sight, and expanding at ∼90 km s −1 . Whatever the details of the dynamics of the nebula are, it is clear that the circumstellar gas distribution within Hen 2-147 is highly aspherical. It seems possible that the plane within which the nebula is concentrated actually coincides with the orbital plane of the system, although there is no direct evidence for this. Some models predict gravitational focusing of the Mira mass-loss toward the orbital plane (Mastrodemos & Morris 1999; Gawryszczak et al. 2003) , while others suggest that equatorially compressed AGB winds can form if rotation of the star is near its critical break-up rate (García-Segura et al. 1999 ). In such a case, any fast wind or ejecta from the outbursting white dwarf companion would produce strong shocks in the orbital or rotational plane, these could manifest themselves in the type of nebula observed around Hen 2-147. It is, however, remarkable that there is no evidence at all for ionized gas at moderate and high latitudes above/below the plane of the ring. It thus appears that, even in widely spaced binary systems with orbital periods of tens or perhaps even hundreds of years like symbiotic Miras, binary interactions have a strong influence on the mass-loss geometry of the system. Note that several planetary nebulae, such as K 1-9 and ScWe 3 (Schwarz et al. 1992) , also appear as thin rings whose formation mechanisms might be similar to that of Hen 2-147. The alternative, that the equatorially collimated outflows are actually ejecta from the white dwarf companion, interacting with a much less dense (and less collimated) circum-binary AGB wind, is less likely.
The new and rather puzzling information revealed by the observations discussed here is described below.
First, the core is offset from the centre of the expansion of the nebula, both spatially and in terms of its radial velocity. This effect has been found in other objects, possibly because all of them are binary systems. In addition to Hen 2-147, other examples may be GG Tau, a young multiple-star system (Krist et al. 2002) , MyCn 18, a planetary nebula which is suspected of containing a binary nucleus (Bryce et al. 2004) , and several other planetary nebulae studied by McLean et al. (2003) . One can try to explain the offset considering momentum conservation and an inhomogeneous circular nebula. The nucleus would recoil back after the ejection, receding from the denser, more massive knots. Even if ionisation is mainly due to shocks and the western knots are not the more massive ones, at the distance discussed earlier and with a typical symbiotic system mass of 2 M ⊙ , the nucleus would need to recoil back at V > 10 km s −1 after ejecting M > 0.2 M ⊙ towards the east. This is at least one order of magnitude larger than the total mass lost by the Mira since the nova outburst. Instead, the property can be satisfactorily accounted for by orbital interaction in an eccentric binary system . The difference in the Mira orbital velocities in apastron and periastron could give rise to an asymmetry in mass loss, averaged over an entire orbit. This, after the reshaping of the Mira winds by the white dwarf during an outburst, would eventually lead to a significant offset of the nucleus from the centre of the nebula. A similar scenario has been suggested for MyCn 18 by and leads to a very speculative orbital period of a few hundreds of years, which is typical of symbiotic systems containing a Mira.
Secondly, a most notable property of the outflow of Hen 2-147 is the extreme broadening of the emission lines in the spectra of the knots all over the nebula (FWZI ∼160 km s −1 ). The broadening is significantly larger than the "average" (intensityweighted) expansion velocity itself. This has important implications for the understanding of the dynamics of the outflows, and in the determination of the distance. Two possible explanations for the line broadening are outlined below. (i): the expansion of the outflow in a high density medium which undergoes strong cooling might develop a thin front layer which is fragmented into clumps of different density. The flow velocity along the walls of these structures could be of the same order of the expansion velocities themselves (Icke, private communication); (ii): the presence of a strong shock, traveling outwards through the nebula, as a result of the interaction between the slow Mira wind and the fast white dwarf ejecta produced during the nova explosion. In fact, although the high [N]/Hα flux ratio does not imply unequivocally the presence of shocks, nor is it the highest found among planetary nebulae (Perinotto & Corradi 1998) , it nevertheless supports such an interpretation.
Thirdly, significant deviations from the overall expansion pattern are found in the kinematics of some knots, especially those located to the west of the core and close to it. In that region, both the radial and the tangential velocities are larger than in the rest of the nebula, and the surface brightness is enhanced.
Finally, the determination of the distance deserves a special mention. The main original aim of our multi-epoch imaging of Hen 2-147 was to compute the expansion parallax of the nebula and derive its distance, a crucial parameter (and often one of the most uncertain) in discussions of the physics of any astrophysical object. The expansion parallax is traditionally considered as a robust, purely geometrical method to compute distances, in which no assumptions need to be made about the physics of the object. Hen 2-147 shows that the situation is far from simple; there are clear indications (broadening of the emission lines, discrepancy with the distance obtained via the Mira Period-Luminosity relation) that what we measure in the plane of the sky is not the expansion of matter, but rather the expansion of a shock front. If we do not take this into account, a straightforward application of the expansion parallax method results in a distance of Hen 2-147 of 1.5±0.4 kpc. If instead we include the effects of shocks (see section 5.2.1), the distance to Hen 2-147 scales up to 2.7±0.5 kpc, in agreement with the distance of 3.0±0.4 kpc obtained using the period-luminosity relation for the Mira.
A detailed spectroscopic analysis is essential to determine if shock excitation is actually important in this nebula. Nevertheless, the large difference in the distance determination, in the presence or absence of shocks, shows that one must be extremely careful when estimating distances via the expansion parallax method. This has been demonstrated, theoretically, by Mellema (2004) and Schönberner et al. (2005) in the case of planetary nebulae. The method is also widely used to estimate distances for supernovae (Panagia 1998 ) and classical novae (e.g. Chochol et al. 1997 , Esenoglu et al. 2000 , Krautter et al. 2002 , Lyke et al. 2003 , and the same caution should be exercised in these studies. We should also emphasize that for a spatially resolved nebula, simultaneous study of the structure and kinematics are essential to correctly determine the geometrical, kinematical and projection parameters.
In the case of Hen 2-147, it is indeed the combination of a thorough study of the nebular geometry and kinematics along the line of sight and in the plane of the sky, together with the fact that an independent distance estimation can be obtained from the near-IR data, that makes our conclusion a robust one: the two distance methods agree if the expansion in the plane of the sky corresponds to the expansion of a strong shock front. One possible test for the presence of shocks would be to examine emission lines sensitive to shocks (e.g. the
Hα
[NII]654.8+658.3 vs.
[S II]671.7+673.1 diagnostic diagram, see Hollis et al. 1992) . Note also that the distance obtained using the Mira PL relation could be scaled down to the value of 1.7 kpc from the expansion parallax result, in the absence of shocks, only if the (presumably circumstellar) extinction in K-band is 1.13 magnitudes larger than estimated in section 5.1 (corresponding to an extinction larger by 10 magnitudes in V). This seems highly unlikely, although we cannot completely rule out this possibility.
For these reasons, we adopt a distance to Hen 2-147 of 2.9±0.4 kpc. At this distance, the physical radius of the ring nebula is 0.04 pc. In addition, the apparent expansion indicates that the nebula was ejected some 200 years ago. This is likely to be the epoch at which the white dwarf companion of the Mira experienced a nova outburst, from which the system has almost completely recovered (Munari 1997) ; the currently observed spectrum of the core is characteristic of the quiescent phase of symbiotic novae (Munari & Zwitter 2002 ) . 
